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(57) [Abstract] 
[Objective] 

light emission efficiency* light receiving efficiency of 
various device which use p-type nitride semiconductor by 
offering manufacturing method where p-type nitride 
semiconductor where carrier concentration is high mainly is 
acquired, itimproves. 

[Constitution] 



Page 2 Paterra Instant MT Machine Translation 



JP1998144960A 



1998-5-29 



a^/ft^iiic^t-^a^b^^s^m^icfc 



With vapor phase deposition method , doped doing n-type 
impurity and p-type impurity simultaneously, furthermore 
nitride semiconductor which includes hydrogen in the crystal 
after growing and in nitride semiconductor layer in nitride 
semiconductor element which possesses the active layer and 
p-type nitride semiconductor layer and pelectrode layer which 
consist of nitride semiconductor whichincludes method and 
n-type nitride semiconductor layer and indium which exclude 
hydrogen which is included in order, between aforementioned 
active layer and theaforementioned pelectrode layer , p-type 
impurity and n-type impurity 1 layer have p-type nitride 
semiconductor layer which doped is doneat least, it makes 
feature. 
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[Claim(s)] 
[Claim 1] 

With vapor phase deposition method , doped doing n-type 
impurity and p-type impurity simultaneously, manufacturing 
methodo of p-type nitride semiconductor which furthermore 
nitride semiconductor which includes hydrogen in crystal 
after growing and in nitride semiconductor layer excludes 
hydrogen which is included and makes feature 

[Claim 2] 

means which excludes aforementioned hydrogen is annealing 
and the manufacturing method 0 of p-type nitride 
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semiconductor which is stated in Claim 1 which is 
madefeature 

[Claim 3] 

Aforementioned annealing temperature is 300 deg C or 
greater and manufacturing methodo of the p-type nitride 
semiconductor which is stated in Claim 2 which is made 
feature 

[Claim 4] 

Aforementioned nitride semiconductor grows, active layer 
which consists of nitride semiconductor which includes 
indium after growing, manufacturing method© of p-type 
nitride semiconductor whichis stated in any one claim among 
Claim 1 to 3 which are made feature 

[Claim 5] 

doped amount of aforementioned n-type impurity, with 0.1% 
or more, is rangewhich does not exceed doped amount of 
p-type impurity vis-a-vis doped amount of p-type impurity, 
and manufacturing methodo of p-type nitride semiconductor 
which is stated in any one claim among Claims 1 through 4 
which are made feature 

[Claim 6] 

positive hole carrier concentration of nitride semiconductor is 
adjusted by adjusting doped amount of theaforementioned 
n-type impurity, manufacturing methodo of p-type nitride 
semiconductor which is stated in the any one claim among 
Claim 1 to 5 which are made feature 

[Claim 7] 

Aforementioned p-type impurity being Mg , aforementioned 
n-type impurity is at least 1 kind among Su Ge and growth 
methodo of p-type nitride semiconductor which is statedin 
any one claim among Claims 1 through 6 which are made 
feature 

[Claim 8] 

nitride semiconductor element 0 where between 
aforementioned active layer and theaforementioned 
pelectrode layer , p-type impurity and n-type impurity 1 layer 
have p-type nitride semiconductor layer which doped is done 
at least in nitride semiconductor element which possesses the 
active layer and p-type nitride semiconductor layer and 
pelectrode layer which consist of nitride semiconductor 
whichincludes n-type nitride semiconductor layer and indium 
in order, make feature 

[Claim 9] 

Aforementioned p-type impurity and n-type impurity doped 
amount of n-type impurity of the p-type nitride semiconductor 
layer which doped is done, with 0. 1% or more, are range 
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Specification 

[0001] 

** WI4 p aS^btt^SK^anxAlYGaLx-YN. o 

^x,o^Y,x+Y^i)©jiEfi*at,-f© p a 

S<btt¥»{*£ffll*T LED, LD^©**^/* 
[0002] 

a^btt^aM^tttt^w^aic^t^aift 

LTtAfitrifc i(insulater)S iCLjKtfrf . ffifi 
[0003] 

LfrLs 1983 Saparin Zn £K— "?Lfc i 
SGaNjf (C, RftSK300KlCjSl\T\ 20keV, 

200 A/cm 2 t«*&i*iBHr«* ttBHiMBSs 

■tr>^(PL)a«A<iRi±-r*cfctMi^aiLfc 

(Vestnik Moskovskogo Universiteta. 
Fizika, Vol.38, No.3, pp 56-59,l983) 0 

ftlflBS 63-239989 IftlEfttifc 

-tfflft, ttBB¥ 2-257679 -^fKICfcl VC. Mg 
*K-?Lfc GaN «|!BSttfiS£frl\ PL 



whichdoes not exceed doped amount of p-type impurity 
vis-a-vis doped amount of the p-type impurity, and nitride 
semiconductor element 0 which is stated in Claim 8 which 
ismade feature 

[Claim 10] 

Aforementioned p-type impurity and n-type impurity as for 
p-type nitride semiconductor layer which the doped is done, 
p-type impurity being Mg , n-type impurity are at least one 
kind among Si, Ge and nitride semiconductor element 0 
which is stated in Claim 8 or 9 which is made feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards nitride semiconductor element which is 
applied to LED, LDor other light emitting device and solar 
battery, light sensor or other incident light device making 
use of growth method and p-type nitride semiconductor of 
p-type nitride semiconductor (In x Al Y Gai.x-YN, 0DX, 0DY, 
X+YD1 ). 

[0002] 

[Prior Art] 

As for nitride semiconductor with semiconductor material 
where lattice defect is very many,furthermore, electrical 
conductivity of n-type is shown by nitrogen void which with 
non doped (state which impurity doped is not done) can be 
made crystal internal it is informed . 

Because of that, doped doing p-type impurity in nitride 
semiconductor, it was a material whose it is difficult high 
resistance to make i (ins ulater ) type and by allmeans, to 
obtain low resistance p-type crystal. 

[0003] 

But, 1983, Saparin and others, in i type GaN layer which Zn 
the doped is done, does electron beam illumination in range 
which does not exceed 20 keV, 200A/cm 2 in specimen 
temperature 300K, photo luminescence (PL ) intensity of Zn 
doped GaN improves hasdiscovered with , (Vestnik 
Moskovskogo Universiteta. Fizika,Vol.38, No.3, pp 
56-59,1983 ). 

In addition, electron beam illumination technology which 
resembles aforementioned technology to Japan Unexamined 
Patent Publication Showa 6 3- 239989 disclosure, was shown. 

After that, electron beam illumination was done in GaN which 
Mg doped is done in Japan Unexamined Patent Publication 
Hei 2- 257679 disclosure, PLintensity was shown improves . 
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[0005] 

lo'w eiTicL^ia^r.s&ic+^yyais 

4faiHMt$ffllxfc: LED, LD «© Vf 



Namely, resistance of electron beam illumination part 
decreasing, i type hasapproached fact that, PLintensity 
improves, to p-type, it hasshown . 

When technology of these electron beam illumination Mg 
doped GaN is explained for example, with Mg doped GaN 
immediately after growing, Mg has not entered into Ga site, it 
is in place like interstitial position. 

Because of this as for Mg as acceptor without working as for 
Mg doped GaN high resistance is shown. 

Mg moving with energy of electron beam by electron beam 
illumination doing inthis i type GaN, Mg it reaching point 
where it works as the acceptor entering Ga site, you say that it 
reaches point where itshows low resistance. 

[0004] 

On one hand, separately from electron beam illumination, as 
for this applicant technology which is made p-type is done by 
annealing nitride semiconductor which in the Japan 
Unexamined Patent Publication Hei 5-18 31 89 disclosure, 
p-type impurity doped was shown. 

It is a technology where this technology, hydrogen in 
semiconductor being mixed,connecting with Mg, removes 
hydrogen from Mg doped GaN whichbecomes high 
resistance, by annealing, operating with Mg as the normal 
acceptor, obtains low resistance p-type. 

After this technology being announced, it reached point where 
p-type nitride semiconductor is researched with various 
research organization. 

In for example Japan Unexamined Patent Publication Hei 
8-32 113 number in technology % Japan Unexamined Patent 
Publication Hei 8-51235 number which makes cooling rate 
slow the electrode anneal and in technology, Japan 
Unexamined Patent Publication Hei 8-8460 which does 
panneal simultaneously technology etc which anneal is done 
are shown with state which places the n layer on p layer. 

[0005] 

[Problems to be Solved by the Invention] 

But, saying, that p-type layer acquired with annealing it 
passes the carrier concentration only 1 X 10 18 /cm 3 or less, 
furthermore p-type layer where carrier concentration ishigh is 
sought. 

When p-type layer where carrier concentration is high is 
acquired, LED, LDor other Vf whichuses nitride 
semiconductor to decrease extremely, because heat emission 
decreases,reaching up to LD continuous oscillation becomes 
possible. 

Therefore, as for purpose of this invention, light emission 
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efficiency v light receiving efficiency of various device 
which use p-type nitride semiconductor by offering 
manufacturing method where p-type nitride semiconductor 
where the carrier concentration is high mainly is acquired, 
there are times when it improves. 

[0006] 

[Means to Solve the Problems] 

manufacturing method of p-type nitride semiconductor of this 
invention doped doing n-type impurity and the p-type 
impurity simultaneously with vapor phase deposition method , 
furthermore nitride semiconductor whichincludes hydrogen in 
crystal after growing and in nitride semiconductor layer 
excludes hydrogen which is included, it makes feature. 

With this invention p-type impurity, it points to element of at 
least 1 kind which isselected from Periodic Table Group 2A 
family, and second B family furthermore, n-type 
impurity ,point to element of at least 1 kind which is selected 
from Periodic Table Group Group 4A* Group 4B* 6th A 
family, and Group 6B. 

TRANSLATION STALLED this 
inventionmethodpluralp-type impuritypluraln-type 
impurityonesemiconductor layerdopedtechnologythis 
invention 

Furthermore, excludes hydrogen which is included in nitride 
semiconductor layer with,being all to exclude hydrogen, foil 
and trace amount alsoremoving is included in range of this 
invention. 

[0007] 

In addition, with manufacturing method of this invention 
means which excludes the hydrogen anneals and it is a 
(thermal processing ), it makes feature. 

Making anneal* cooling rate inside lamp anneal* plasma 
anneal* reactor slow in annealing, also or other means which 
anneal is done is included. 

In addition other than annealing, there is also a electron beam 
illumination technology, but annealingis most desirable in 
practical* industrially . 

When it anneals, it does in atmosphere where annealing 
temperature 300 deg C or greater are most desirable, do not 
include hydrogen. 

When it does in atmosphere which includes hydrogen because 
H is done re-intercalation. 

[0008] 

Furthermore, with manufacturing method of this invention 
p-type impurity and n-type impurity simultaneously as for 
nitride semiconductor which doped is done, active layer 
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[0010] 
[0011] 
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ffll\ ZOfpV&ftlZ Si. Ge a>AG>d?&<£t> 1 

[0012] 
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which consists of nitride semiconductor which includes 
indium after growing,grows is designated as feature. 

This when it anneals afterwards, putting, is similar. 
[0009] 

In addition, when doped it does p-type impurity and n-type 
impurity, doped amount of n-type impurity, with 0.1% or 
more, is a range which does not exceed the doped amount of 
p-type impurity vis-a-vis doped amount of p-type impurity, it 
makesfeature. 

[0010] 

Furthermore, positive hole carrier concentration of nitride 
semiconductor is adjusted makes featureby adjusting doped 
amount of n-type impurity. 

When positive hole carrier concentration can be adjusted, it 
can make p- s p+or other nitride semiconductor easy. 

[0011] 

p-type impurity, aforementioned way is element of at least 1 
kind which isselected from Periodic Table Group 2A family, 
and second B family, but among those andbeing harmless for 
most part in preferably Mg s Ba s Ca* Sr % Zn or other 
environment, handling easy element isdesirable, among those, 
especially Mg is acquired p-type ofhighest carrier 
concentration. 

Furthermore, n-type impurity, Periodic Table Group Group 
4A % Group 4B* 6th A family, is element of at least 1 kind 
whichis selected from Group 6B, but when even among those 
at least 1 kind amongespecially SU Ge is used making use of 
preferably Su Ge* 0 % S, p-type of thehigh carrier 
concentration is easy to be acquired. 

[0012] 

As for nitride semiconductor element of this invention, 
between aforementioned active layer andaforementioned 
pelectrode layer , p-type impurity and n-type impurity 1 layer 
have the p-type nitride semiconductor layer which doped is 
done at least in nitride semiconductor element which 
possesses active layer and p-type nitride semiconductor layer 
and pelectrode layer which consist of nitride semiconductor 
whichincludes n-type nitride semiconductor layer and indium 
in order, it makes feature. 

Namely, it possesses active layer and p-type layer which 
include n-type layer and In, if it is a element where pelectrode 
was formed to the surface of p-type layer, n-type impurity and 
p-type impurity doped are done in the pelectrode and at least 
1 layer of p-type layer which is between active layer , it 
makes feature. 
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If active layer has had nitride semiconductor layer which 
includes In, it is good,active layer of single quantum well 
structure* multiple quantum well structure especially is 
desiraole. 

Furthermore, if active layer which consists of multiple 
quantum well structure which laminates well layer which 
consists of In GaN and barrier layer whichconsists of 
AlGaN* or GaN, In is included in well layer of one side, or 
any one of barrier layer, as for being insiderange of this 
invention it is not necessary to say. 

[0013] 

n-type impurity and p-type impurity doped amount of n-type 
impurity of p-type nitride semiconductor layer which the 
doped is done, with 0.1% or more, are range which does not 
exceed doped amount of p-type impurity vis-a-vis doped 
amount of p-type impurity, itmakes feature. 

[0014] 

Furthermore, in same way as manufacturing method, 
aforementioned p-type impurity and n-type impurity as for 
p-type nitride semiconductor layer which doped is done, 
p-type impurity being Mg , n-type impurity are at least one 
kind among Su Ge even with the element of this invention, it 
makes feature. 

[0015] 

[Embodiment of the Invention] 

As for Figure 1 p-type impurity and n-type impurity of nitride 
semiconductor and this invention which only conventional 
p-type impurity doped are done simultaneously nitride 
semiconductor which doped is done, changes to low 
resistance p-type with annealing, comparing, it is a figure 
which shows. 

This is figure which 200 Angstrom growing, on that, plot 
doing GaN which doped it does Mg (Past), with resistance of 
the GaN (this invention ) which doped it does Mg and Si as 
function of respective temperature, shows buffer layer which 
consists of GaN on sapphire substrate. 

[0016] 

As shown in this figure, in comparison with until recently 
resistance 2 orders of magnitude decreases soon with this 
invention . 

When resistance decreases as much as 2 orders of magnitude, 
because contact resistance of the ohmic electrode which was 
formed in p-type layer furthermore decreases, Vf of element 
greatly it can decrease. 

In addition, with this invention resistance starts decreasing 
from 300 deg Cvicinity vis-a-vis resistance has started 
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HH*(zK-^J-SZfcl=J:y,Ga -«Mhl=AoT 

nfti* p w*mto& n s^«niT»ji#ift*>y , 
p M^»A<Ga -«KH=Ay 

•>a>*T?lT6at?fl!)-ei*<j:<, p S^ttfciH 
WlcK-^SfcttfC. n £7tt1fe*< Ga £ N <D 
*Btt«lcAy^«f-3T, .fey p i!7ttft£ 
Ga+H'HrAy^-r<-r-5o 

o*y. ***i»*-t*firi=. Ga immca* P 
fi^«»a)***<TJ**fc*!>»p UWfeli: 

7afij&«*«i=iRi±-r*o 
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decreasing until recently from 400 deg C vicinity. 

There is an effect that rendering p-type it can do, for 
annealing temperature to decrease, with short time 
furthermore, anneals and by comparisonwith past, choice of 
device if it is a device which spreading* thermal processing 
itis possible, it reaches point where you can use most means. 

Furthermore, Figure 1 is something which is shown 
concerning the Mg doped GaN, but there is a similar tendency 
concerning nitride semiconductor whichincludes Al like other 
nitride semiconductor* for example AlGaN, it was verified . 

Furthermore there is a similar tendency concerning other 
p-type impurity* for example Zn* Ba* Be, etcthere is a 
similar tendency furthermore and concerning other n-type 
impurity* for example O* Ge etc, it was verified . 

[0017] 

nitride semiconductor (Below, at time of explaining this 
invention, nitride semiconductor is called the GaN, is. ) grows 
organometal vapor phase deposition method (MOCVD ), 
halide vapor phase deposition method (HV PE ), by gas 
source molecular beam vapor phase deposition method 
(GS-MBE ) method or other vapor phase deposition method . 

With those vapor phase deposition method compound which 
includes ammonia* hydrazine or other H in starting material 
gas as N source, is used. 

These hydrogen compound at time of GaN growth, or after 
growing,disassembling in inside reactor, with p-type impurity 
it is taken in in GaN layer by any means. 

Many of p-type impurity which doped is done have not 
entered into the Ga site in inside GaN crystal, there is a 
position like intermediate of the Ga and N. 

Furthermore we connect p-type impurity with H which doped 
isdone in crystal and inactivation have done. 

Then, p-type impurity which has not entered into Ga site with 
this invention n-type impurity simultaneously with p-type 
impurity by doped doing, being the n-type impurity, it is 
displaced, p-type impurity makes easy to enter to Ga site. 

Furthermore n-type impurity it is not from after to ram down 
with ion yne plan t V3> etc, becomes simultaneously in 
order doped to do, the n-type impurity easy to enter in 
intermediate position of Ga and N and with p-type impurity, 
from makes p-type impurity easy to enter to Ga site. 

In other words, before removing hydrogen, because quantity 
of the p-type impurity which enters into Ga site can be made 
many, after hydrogen which is connected with p-type 
impurity being removed, because p-type amount of impurity 
which operates as acceptor increases carrier concentration 
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[0018] 

@ 2 14 Si t Mg £ K-^LT, 7-- l J>^lC<fc 

y (sttttft p s<ktfc P mm.itm*m*m<D si 
afitjEa*-v , j7ast©ii«**-rBi'efc 

Ztltt MOCVD aiCcfcy . Mg <t Si <t£K-^L 
fc GaN £ fiEfi*-&<5IBl^ Si »©*f XStfi** 
Mg £ 1 x 10 20 /cm 3 K— ^Lfc GaN If [Z, 
Si $»^(Di»fi-CK-^Lfc GaN JB£ttSU 
^<D GaN Jf0)*-VU7«ffii:. Si ;BJt<h(Dfllf& 

[0019] 

El 2 lC^-r<fc5IC.p 1? GaN 14. Mg £ lx 
10 20 /cm 3 W-ZfLTl^&lZbfrfrfr*?.** 
■J 7;lJ£(4 3 x 10 I7 /cm 3 L^a^ftl^o 

CtLl4jE#tE7^-b^-tLTftfflLTl^* p 
L^Lfctf^ Si £ 1 x 10 17 /cm 3 «ift(Mg |C*JL 

r o.i%)ja±K-^-r*zticj:y , **«J7M 

2 tfr£±A u J . 5 x 10 18 /cm 3 ~8 x 10 19 /cm 3 #iS 

ay, n i7tttt<Ditfp 

Ll*K-?«B\ 0.l%feL±T\ p^*l!**tiB* 



ffhWLfc p S^tt*©*/£l+©*vy7SB 
K£»6C£lil!U*o 



c*Ll4Ga-y--fHcAori^j:t^pfi^*6*l36<* 
[0020] 

B#lcK-^^Zi:lcJ:y.p MJf ©**y7;g 

o*y iE*-cfctLtf . p m^mmmmt. t~- 
'j>^ffl»-e*v'J7»e*Bi»Lrt^fc36<. Iff 



improves greatly. 
[00 18] 

Figure 2 doped doing Si and Mg, is figure whichshows 
relationship between Siconcentration and positive hole carrier 
concentration of p-type nitride semiconductor layer which it 
makes low resistance p-type with annealing. 

This GaN which Mg and Si doped is done theoccasion where 
it grows, changing gas flow of Si source with the MOCVD 
method , in GaN layer which Mg 1 X 10 20 /cm 3 doped is done, 
Si produces GaN layer which doped is done with many 
concentration, has shownrelationship between carrier 
concentration and Siconcentration of GaN layer. 

[0019] 

As shown in Figure 2, p-type GaN even 1 X 10 20 /cm 3 doped 
has done the Mg of only 3 X 10 17 /cm 3 passes carrier 
concentration in spite. 

This has shown p-type impurity which operates as normal 
acceptor how is little. 

But, carrier concentration as much as 2 orders of magnitude 
rises Si doped of 1 X 10 17 /cm 3 vicinity (Vis-a-vis Mg 0.1%) or 
more by doing, almost becomes fixed with 5 X 10 18 /cm 3 ~8 X 
10 19 /cm 3 vicinity. 

When and, it becomes same extent as quantity of p-type 
impurity which doped is done, when it reaches point where 
donor and the acceptor offset, quantity of n-type impurity 
exceeds p-type impurity, because itbecomes n-type, positive 
hole carrier concentration becomes negative number. 

Therefore, as for doped amount where n-type impurity for 
p-type impurity isdesirable, with 0.1% or more, range which 
does not exceed pamount of impurity is desirable, furthermore 
it is a preferably 1 % or more* most preferably 5 % or 
more. 80 % or less. 

This way when p-type impurity and n-type impurity are done 
doped simultaneously, carrier concentration improves as 
much as 2 orders of magnitude, but it isdifficult to obtain 
carrier concentration just of quantity of p-type impurity 
whichstill doped is done. 

This is guessed for sake of thing and lattice defect where the 
p-type impurity which has not entered into Ga site remains 
still many existmainly. 

[0020] 

In addition with this invention, carrier concentration of p-type 
layer can be adjustedwith n-type impurity p-type impurity and 
n-type impurity simultaneously by doped doing. 

In other words if it was former, adjusted carrier concentration 
with only the p-type impurity concentration and annealing, 



Page 1 1 Paterra Instant MT Machine Translation 



JP1998144960A 

tz\Z n ST^l^K-At, n S!TOfefta>fi$ 

p+l<tlil=SMLT, *V'J73g©*#l* p+ 
A<[S]±LTai^lA<|fi]±-r^„ 



[0021] 

I*. 

In**t?S14Ji, ftlC InGaN I*, *a>*SH<7>14 



•f-CDfcto InGaN tf/<777ll0>«J:5&tttt$-4' 

•So 

ftoT InGaN a±l=jftA&IV&8fl:tt¥*{* 
-/<>hSK-?LT, ***y7»S<D p Mir 

ftyw*. 

[0022] 

n i i**£9ia-Jittfli=fl&K<btt¥*(* 
jm*hi=i* led awa^ssL-a**. 



[0023] 

*77-f7(c BD^yft&stt i $&j£$8i*ii= 

£3!EUE#&. S*5<D;£Jt£ 1050 deg C £T'± 
Sfi 1 l=l*-y-7r-T7 C fiftfe. RI.AS^ 

(MgAi 2 o 4 ) <D<k5^$e^tt<DStea>te, 

SiC(6H. 4H, 3C ZnS, ZnO, GaAs. 

GaN 9<D**(*:*tt*ffll^4^tt-e#*. 



[0024] 
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but doped doing n-type impurity anew, carrier concentration 
can adjust quantity of n-type impurity easily by changing. 

Because of this, from active layer laminating p-type layer 
above, in p- layer, carrier concentration is large p+ layer and 
order where for example carrier concentration issmall, when it 
forms pelectrode in p+ layer where carrier concentration 
islarge, injection efficiency of carrier improving, output 
improves. 

[0021] 

Furthermore, with manufacturing method of this invention 
p-type impurity and n-type impurity simultaneously as for 
nitride semiconductor which doped is done, active layer 
which consists of nitride semiconductor which includes 
indium after growing, itgrows it is desirable. 

As for active layer* especially In GaN which includes In, 
property of crystal, is soft in comparison with nitride 
semiconductor which includes theother Al, or or is a 
elasticity. 

Because of that role In GaN like buffer layer is done. 

Therefore nitride semiconductor which grows on In GaN 
property of crystal becomes good, p-type dopant and n-type 
dopant doped doing, is easy tobecome p-type of high carrier 
concentration. 

[0022] 

[Working Example(s)] 

Below, you explain on basis of drawing concerning nitride 
semiconductor element of this invention. 

Figure 1 with schematic sectional view which shows structure 
of nitride semiconductor light-emitting element whichrelates 
to one Working Example of this invention, has shown 
structure of LED concretely. 

[0023] 

While sapphire (C face ) setting substrate 1 which consists of 
inside the reactor, inside canister fully after substituting with 
hydrogen,letting flow hydrogen, temperature of substrate 
rising to 1050 deg C,it does cleaning of substrate. 

Other than sapphire C face, sapphire* which designates R 
surface* A surface as the main surface in addition, other than 
insulating substrate like spinel (Mg A1 2 0 4 ), SiC (6 H* 4H* 
3C are included. ), is possible also fact that ZnS* ZnO* 
GaAs* GaN or other semiconductor substrate is used to 
substrate 1 . 

[0024] 
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ttlvC, S£$ 510 deg C $1HFH\ ***)Tii 
7>\Z&m.mmi*\ZT>=E-Tt TMG(MJ> 

s f-)\,nwi*)t&m.\ as i ±i= GaN j:y«i: 

/<^TBI4 A1N. GaN. AlGaN 900 deg 

caT©5as-e, Kff»+*:/^xhp-A~» 

[0025] 

rtvlTm 2 J£:6&, TMG OH±H>X. S££ 
1030 deg C3nf±**1i-So 

1030 deg ClC&ofcb, i^lXJSCifttfXICTMG. 

n ^P>^<7hJl 3 <tLT. Si * 8 x 10 18 /cm 3 
K— ?Lfc Si n m GaN Jf $ 5 u m CDffiff 

n S=l>£^hJf 3 14 InxAlyGaLx.yNCO^X. 0^ 
Y,X+Y^l)-effi/S-r^C<!:A<T^^lr GaN. 
InGaN. *<D*Vt n WlC Si SL< 

I* Ge £K— ?Lfc GaN vm&-t^tlzM % 
**'J7*£©*1* n SHjW»&*U n « 

n SffiOfl-fttLTI* Al. Ti. W. Cu. Zn. Sn. 
In «©*R£L<l*£*##*UVj--5^ 

[0026] 

3Mc % 800 deg C IcLT. **'J7#*£ 

a*t«y»x.,Ig»tfXlC TMG.TMI(MJ> 
^U^>v^A).7>^7£ffll^T.IIIJI 30 

(SQW:Single Quantum Well)© In0.2Ga0.8N M 

In £ £fcSfcft¥*ttcfcy ftSSttJi 4 1**- 

(MQW:Multi Quantum We\\)tt&Zttf 1 Sl : £L 

Stt sqw. mqw o>«fc5ft** #F«IJS-e 

#WW *ft<tt In £t?S*bBl¥»* 



Consequently, it lowers temperature to 5 1 0 deg C, in carrier 
gas in the hydrogen, starting material gas buffer layer 2 
which consists of GaN on substrate l making use of ammonia 
and TMG (trimethyl gallium ), it grows with film thickness of 
approximately200 Angstrom. 

buffer layer with temperature of 900 deg C or less, can form 
AIN. GaN. AlGaN etc,with film thickness several tens 
Angstrom-several hundred Angstrom. 

This buffer layer is formed in order to ease lattice constant 
illegality of the substrate and nitride semiconductor, but with 
kind etc of growth method, substrate of nitride 
semiconductor also it is possible to abbreviate. 

[0025] 

After buffer layer 2 growing, only TMG stopping, 
temperature it rises to 1,030 deg C. 

When it becomes 1,030 deg C, similarly in starting material 
gas in TMG. ammonia gas. dopant gas the Sidoped n-type 
GaN layer which Si 8 X 10 I8 /cm 3 doped is done it grows with 
film thickness of 5;mu m making use of silane gas, as n-type 
contact layer 3. 

In addition this layer not only, as contact layer which should 
form the electrode as cladding layer of n-type which shuts in 
carrier operates. 

configuration it does n-type contact layer 3 with InxAlyGai. 
x- Y N (0 <= X. 0DY. X+YD 1 ), it is possible ,n-type layer 
where carrier concentration is high even among those of 
especially GaN. In GaN. by configuration doing with GaN 
which n-type impurity, especially Si or Ge doped is done, is 
acquired, in addition the nelectrode desirable ohmic contact is 
acquired. 

ohmic where Al. Ti. W. Cu. Zn. Sn. In or other metal 
or alloy are desirable as material of nelectrode is acquired. 

[0026] 

Next, it changes carrier gas to nitrogen with temperature as 
800 deg C,active layer 4 which consists of In 0.2 Ga 0.8N of 
single quantum well structure (SQW: single Quantum W ell ) 
of film thickness 30 Angstrom the TMG. TMI (trimethyl 
indium ), making use of ammonia, it grows in starting 
material gas. 

active layer 4 which consists of nitride semiconductor which 
includes In does single quantum well structure, or multiple 
quantum well structure (MQW:Multi QuantumW ell ) with, it 
is desirable . 

When active layer configuration it does with quantum well 
structure like SQW. MQW, itpossesses well layer which 
consists of nitride semiconductor which In is included at least 
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FH<D#£UMlJi I* 70 ^->yxhP-AKl 
T\ SL<I* 50 ^^XhP-AJilTO) 

MQW ©ii^^M)ili#Plc):yt/OK^ 

AUniVa 150 *>?7.hn-AJaT.£blc 
Jt?£lXI* 100 ^^XhP-AUTFlcaSg-f 

'So 

fctPfcb, In €£t?SflS*¥*(*:l*, AlGaN, 

GaN ^y tj&ssjtam^ 
o*y#»sfta« AiGaN *y 



fia-CJ«**-&<5 InGaN J:yfc-5#pJi©± 
13. BSTJSfi*1±* AlGaN £y&&I*gJi£ 
»JiL«feat-r*t. *<E*&-f InGaN 

•So 

^OtzSi InGaN <fcy£:-5#FJf <h InGaN J:yfc 
fiftft-e**fc«!>, $felCJ5KS$#fc InGaN Mft<# 

[0027] 

JSttJi 4 Jjgfitft. SJ££ 1050 deg C IZLX. W. 
fttiXlZ TMG, TMACh'J^^^T^US— OA). 
7>^-7, n S^a^i**XICV7>**X, p fi 
^lt^l**XIZCp2Mg(v^P'<>^vx-j|/V^ 
*V^A)#;*£|^B#l::ffll^T, Si £ lx 
10 18 /cm 3 i\ Mg £ 1 x Kp/cm 3 K— :7Lfc«+* 
■JTSftO) p-fi A10.2Ga0.8N <fcy fc* p S$7V 
KH 5 £ 0.5 // m ©R VefiKftd#d. 

»(*1»»*UI4 Al x Ga,. x N(0<X^l)<fr^i: 
«^tii*A<[Sl±-r^c-0!) p S$5?K1 5 l± 
100^->^ha— AJU±, 2 // m JJlT.^blCif 
£L<I* 500 jj-^Xhn— AULt. ljum JilT 

-A«tyt»l^^KJltLT:fffflLI=«, 2 



[0028] 

UH*"C SJf £ 1030 deg C ICftfc, TMA a>#X 
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it is desirable , 70 Angstroms or less* furthermore youadjust 
film thickness whose single well layer is desirable film 
thickness of the preferably 50 Angstroms or less. 

In case of MQW, configuration it does barrier layer with 
nitride semiconductor layer where band gap energy is large in 
comparison with well layer 150 Angstroms or less* 
furthermore adjusts film thickness preferably 100 Angstroms 
or less. 

In case of MQW, it is not necessary to make nitride 
semiconductor to whichalso barrier layer includes especially 
In, but it makes nitride semiconductor where band gap is large 
in comparison with well layer whichincludes preferably In. 

Because, as for nitride semiconductor which includes In, 
growth temperature is lowin comparison with AlGaN* GaN . 

In other words decomposition temperature it is low in 
comparison with AlGaN . 

When with respect to well layer which consists of In GaN 
whichgrows with low temperature, it tries to laminate barrier 
layer which consists of AlGaN which grows with high 
temperature, In GaN disassembles little. 

Because of that because laminates well layer which consists 
of In GaN and barrier layer which consists of In GaN, can 
grow with thesame temperature, because In GaN layer which 
grew first disassembles does nothave , high output light 
emitting device can be actualized. 

[0027] 

After active layer 4 growing, with temperature as 1050 deg C, 
in starting material gas the TMG* TMA (trimethyl 
aluminum ), using Cp2 Mg (cyclopentadienyl magnesium ) 
gas to silane gas* p-type impurity gas simultaneously in the 
ammonia* n-type impurity gas, Si p-type cladding layer 5 
which consists of p- type Al 0.2 Ga 0.8N oflow carrier 
concentration which 1 X 10 18 /cm 3 andMg 1 X 10 20 /cm 3 doped 
is done it growswith film thickness of 0.5;mu m. 

It touches to active layer, when <5 p-type layer is done, 
nitride semiconductor layer* preferably Al x Gai_ X N 
whichincludes Al (0 <XD 1 ) with, light emission output 
improves. As for this p-type cladding layer 5 100 Angstroms 
or more* 2 ;mu m or less* furthermore it grows with the 
preferably 500 Angstroms or more* 1 ;mu m or less it is 
desirable. When it is thin in comparison with 100 Angstrom 
to be difficult tooperate as cladding layer, when it is thick in 
comparison with 2;mu m because crack becomes easy to enter 
in crystal. ) 

[0028] 

Consequently, it maintains temperature at 1,030 deg C, stops 
gas of TMA, makes flow of silane gas many, Mg p-type 
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10 20 /cm\ Si £ 1 x 10 ,9 /cm 3 K-?LfclS**'J7 
mm<D p+M GaN «fcy ft* p g3>*$hH 5 * 
O.50m©K»-ClSft*1*fto 

p Sal/^Ml 5 It p MO InxAlYGaLx.YN^^ 
**W©*5I:: 1 x 10 ,9 /cm 3 6l±©^rV'J7a 

[C(4. flflillf Cu Nu Au. Pd. Ti ^|A<fc*o 
[0029] 

S£$ 600 deg C S-CTIf . &X 
--'J>y*tTl\p S^vKJf .p S=i>^h 

[0030] 

^x-/\£JEJ6§»fr&Biy 
U1U El 3 ic^t* Jol^ RIE SB-Clr J:yfi± 

n mm 8 n §!!=l>S^Hf 3 ©g® 

[0031] 

p fi3>^Hi 12 IC Ni t Au cfctjft* p 
Bffi 7 £ff2J$U BttlLfc n ffl3>^h 3 
|Z(4 Ti fc Al *yft« n Mm 8 Z&tfLt&o 



[0032] 

fil±© JotLT. pti7,n «S 8 £»fl£Lfc 
SJMSfBlvc. Sfcft¥»f**»J«LTl*ftl* 

ffl©-y-7T^7S« i £^t= ><?u S*s©J? 

?LT 350|/ m ft© LED f^tt^o 

C© LED^^*K*|Rl«SE(I020mA-C563lfc* 
1*fci:C5* p 11= Si £K— ^Lftimt*© LED 
l*(K*fil«E)Vf A< 3.5V T?feofc©lC»U 
**W© LED 14 2.8V i: 0.7V tfiTLfco 



*fc**»S 450nm iZfclvC. tti;fc)l4t£3fc© 
LED ICJtttl/C 1.3 ftlZfi]±Lfco 



contact layer 5 which consists of p+ type GaN of high carrier 
concentration which 1 X 10 2 %m\ Si 1 X 10 19 /cm 3 doped is 
done it grows with film thickness of 0.5 ;mu m. 

p-type contact layer 5 configuration is possible with 
In x Al Y Ga,.x-YN (0 <= X, 0DY % X+YD1 ) of p-type, but 
particularly preferably ln x Gai. x N (0 <= XD 1 ) with it does. 

Like this invention when p-type layer where carrier 
concentration of 1 X 10 19 /cm 3 or more isacquired is 
designated as contact layer, contact resistance of ohmic 
electrode material goes down. 

p-type layer, there is a for example Cr. Nu Au„ Pd* Ti etc 
in electrode material where desirable ohmic is acquired. 

[0029] 

After reaction termination, it lowers temperature to 600 deg 
C, it anneals in the nitrogen atmosphere, wafer in inside 
reactor, is included in p-type cladding layer % p-type contact 
layer toremove portion of hydrogen, p-type layer furthermore 
resistance-lowering isdone. 

' [0030] 

After annealing, wafer is removed from reactor, as shown in 
the Figure 3, with with RIE device etching is done from 
p-type contact layer 6 side of the topmost layer, surface of 
n-type contact layer 3 which should form nelectrode 8 is 
exposed. 

[0031] 

Next, pelectrode 7 which consists of Ni and Au in p-type 
contact layer 12 is formed, nelectrode 8 which consists of Ti 
and Al isformed in n-type contact 3 which on one hand, is 
exposed. 

[0032] 

Like above, it transports wafer which formed pelectrode 7* 
nelectrode 8 to the polisher, lapping it does sapphire substrate 
1 side which does not form the nitride semiconductor making 
use of diamond abrasive, scribe doing sapphire substrate side 
with the thickness of substrate as 90;mu m, it makes LED 
chip of 350;mu m square. 

This LED chip forward direction current (If) with 20 mA 
when light emitting it does, as for conventional LED which Si 
doped is not done LED of this invention as much as 2.8 V and 
0.7 V decreased in p layer vis-a-vis(forward direction 
voltage ) Vf being 3.5 V. 

Output improved in 1 .3 times by comparison with 
conventional LED inaddition in light emitting wave length 
450 nm. 



[0033] 



[0033] 
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[Hjsflij 2]nmm 1 i=*jivc p m^ki 5 

*$M£LT?;i/7>#*(GeH4)£ffll,*-i>te 
liHflMcl/C, LED £ft®LtzbZ^ Jtlfcffl 1 
fclSffra*0)«tt**f* LED *^-*f»fc. 



[0034] 

[Sffifl 3]ggffifl 1 icfc^T.p S^yKS 5 
*J*fi*t!:*IBl= Si £ 1 x io 19 /cm 3 K- WMft 
l*H»l=LT, LED *^f^BLfct^5, Vf 

3|E0> LED iJttfcLT 1.2 f&T*feofc„ 



[0035] 

[HBJ©aS] 

8-46240 m±m~. p £K— /Oht. n Sh*-/* 



J:o<E*f6W©a<ffl*. LED, LD 0)J:?£ 
363fe7 s /<-r^/£lt^(*ft<» h^vX*. FET. 

mos mv>mm*m>&ttm^tz±T<j>w=i- 

[0036] 
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In [Working Example 2 ] Working Example 1 , p-type 
cladding layer 5 and p-type contact layer 6 occasion where it 
grows,besides germane gas (GeH4 ) is used as n-type 
impurity source when LED is produced with as similar, LED 
element which possesses characteristic which almost isequal 
to Working Example 1 was acquired. 

[0034] 

In [Working Example 3 ] Working Example 1 , p-type 
cladding layer 5 besides 1 X 10 19 /cm 3 doped it does Si when 
the LED element is produced with as similar, Vf being almost 
equal tothose of Working Example 1, as for output 1.2 -fold 
was occasionwhere it grows by comparison with conventional 
LED. 

[0035] 

[Effects of the Invention] 

In Japan Unexamined Patent Publication Hei 8-46240 
disclosure, doped is done element of double heterostructure 
which possesses light emitting layer (active layer ) of p-type 
which has been shown p-type dopant and n-type dopant as 
technology which resembles to element of this invention. 

This technology active layer filling electron from n layer 
deeply with the dark circle doped is done n-type dopant and 
p-type dopant as p-type which,agreeing, continues conduction 
type of active layer and p layer by forming valence electron 
band which in active layer, injected amount of electron 
increasing, the light emitting brightness is something which 
improves. 

On one hand, technology of this invention it is not doped to 
do the dopant of 2 kinds in active layer, dopant of 2 kinds 
doped makingin p-type layer which is on, in comparison with 
active layer carrier concentration of p layer point which 
increases it differs. 

Because of that with this invention quantity of positive hole 
which is filledessentially in active layer to increase, because 
as for light emission efficiency improving carrier 
concentration of of course, p layer increases, when p layer 
pelectrode where desirable ohmic is acquired is formed, 
furthermore contact resistance is lowered, it being possible , 
Vf greatly it can decrease. 

technology of this kind of this invention not only light 
emitting device like the LED* LD, as for being able to apply 
to all electronic device which uses transistor % FET\ MOS 
or other nitride semiconductor itis not necessary to say. 

[0036] 

When Vf of nitride semiconductor element decreases, it is a 
conducive very in full color display which utilizes nitride 
semiconductor. 



Page 16 Paterra Instant MT Machine Translation 



JP1998144960A 



1998-5-29 



LED GaAs &£fcl4 AlInGaP ^(7)¥#<*tf 

»<fcy fty > led t. n ft led #s<bft¥ 

GaAs AlInGaP LED 14 Vf A« IV 

£rfc4<DlC»LT.S<b**»(*<D LED (4 
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Namely, as for present full color display, red color LED 
consists of semiconductor material of GaAs type or Al InGaP 
type, green color LED and blue LED consistof nitride 
semiconductor. 

As for red color LED of GaAs type and Al InGaP type until 
recently as muchas 3.5 V there was a LED of nitride 
semiconductor vis-a-vis Vf being 1 Vtable. 

Because of that lowering current of blue, green color LED, 
using, in order notto give great heat emission to LED, it was 
used. 

On one hand, red color LED in order to take green color, 
blue LED and brightness balance,increases number, is 
standard value full and, it was used with kindof severe 
condition which is used. 

Because of that, red color LED had deficiency that reliability 
is low with heat emission , in comparison with blue LED, 
green color LED. 

But, because Vf of green color, blue LED decreased with 
this invention , it candecrease heat emission of entirety. 

Because of that, when full color display of this invention is 
actualized, the reliability of entirety improves. 

Furthermore, when it is used with severe condition like signal 
lamp putting s when Vf decreases, also heat emission 
decreases, reliability improves greatly. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

Comparing relationship of anneal temperature between 
resistance in p-type nitride semiconductor and conventional 
p-type nitride semiconductor of this invention which n-type 
impurity and p-type impurity doped isdone, figure which 
shows. 

[Figure 2] 

Figure which shows relationship between Siconcentration and 
the positive hole carrier concentration of nitride 
semiconductor layer in method of this invention. 

[Figure 3] 

model cross section c which shows structure of LED element 
with one Working Example of the this invention 

[Explanation of Symbols in Drawings] 
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[Figure 2] 
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